During the past 3 years, the owl monkey (Aotus trivirgatus) and the squirrel monkey (Saimiri sciurea) have been found to be especially suitable species for ophthalmological investigation (Smith, Singer, Reynolds, Moore, Yobs, and Clark, 1965; Taylor, Smith, and Singer, 1965) . These small primates are inexpensive, hardy in nature, and safe as a laboratory animal. They possess obvious advantages over the rabbit in having fundi quite similar to man, and in not having laterally placed eyes, an important point when studying pupillary function. The owl monkey has larger eyes and has hence been preferred for anterior segment technical reasons, but the fundus of the squirrel monkey is more like that of man (Smith, Reynolds, Rane, and Justice, 1964) . The purpose of this report is to document some interesting laboratory observations after the inoculation of virulent T. pallidum into various sites in these primate species.
Material and Methods From 125 animals (58 rabbits, 51 owl monkeys, and 16 squirrel monkeys) studied to date, three owl monkeys and two squirrel monkeys have been selected for this report.
Before inoculation, each animal was examined and blood was drawn for the following serological tests:
( (Hunter, Dealon, and Meyer, 1964; Smith and Taylor, 1965) .
All serological tests here reported were performed at the Venereal Disease Research Laboratory in Atlanta, Georgia. Each of the animals was initially clinically healthy and serologically non-reactive. A suspension of virulent T. pallidum (Nichols strain) was prepared from the testicle of a rabbit* with an acute syphilitic orchitis for use as the inoculum.
After excision of the testicle, it was finely minced and diluted with 4 ml. of 50 per cent. normal saline with 50 per cent. normal rabbit serum (the latter being non-reactive to all three of the serological tests cited). A dark-field count was done on the supernatant suspension and the number of treponemes present in the aliquots was thus estimated.
The animals were anaesthetized with subcutaneous injections of 0 3 ml. of a 10 mg./ml. solution of phencyclidine hydrochloride* which produced a light anaesthesia with onset of action in 5 to 10 minutes and a duration of approximately 2 hours. Sterile tuberculin syringes with 25 or 27 needles were used for the inoculations. The volume of T. pallidum suspension used varied from 0-05 ml. for ocular injections to 0 1-0 2 ml. for other sites.
General physical and ocular examinations were done at appropriate intervals after inoculation. Significant clinical findings were documented by external and fundus photographs. Pupils were dilated for examination with cyclopentolatet and tropicamidet. Sera were submitted periodically to the Venereal Disease Research Laboratory in Atlanta, Georgia, where the serological tests here reported (VDRL, TPI and FTA-ABS) were performed. All animals were kept in separate cages, fed only antibiotic-free commercial monkey chow, bananas, and water, and were at no time given any form of treatment.
Findings (1) Primary Corneal Syphilis
Squirrel monkey 633 was inoculated on June 30, 1964 , in the corneal stroma of the right eye with approximately 37,500 treponemes given in 0 05 ml. suspension. 0 05 ml. sterile serum/saline solution was inoculated into the left eye to serve as a control. For the first 6 months after inoculation, periodic general physical and ocular examinations were negative in this monkey. At that time, however, condyloma-like lesions were noted on the scrotum (Fig. 1) ; these persisted for a time, but then spontaneously regressed. No other clinical abnormalities were noted during the next 10 months (Fig. 2) , and 16 months after inoculation, the animal appeared in good general health, and the eyes were completely normal to external, biomicroscopic, and indirect ophthalmoscopic examinations. The serological data are summarized in Table I . Except for subtle anisocoria, examinations of this monkey were quite negative 16 months after infection. The serological data are summarized in Table II. Comment This is the first reported case of vitreal syphilis in the primate. Serologically, by both non-specific and specific tests, the animal has syphilis. Clinically, however, it has never shown any notable signs of the disease. Except for moderate pupillary inequality, the eyes have revealed no evidence of infection, and the animal has been healthy throughout 16 months' observation. (Fig. 5 ), until at 5 months definite anisocoria was noted, the left pupil being larger than the right. At 8 months both pupils were miotic (Fig. 6) , and the right pupil was slightly irregular and reacted poorly to light. Ophthalmoscopy at that time revealed perivascular sheathing along the superior temporal artery in the left eye. On November 5, 1965, this monkey's blood was given intravenously via the ear vein to a normal rabbit as a passive transfer experiment, and 13 days later a large crusting lesion, which was dark-field positive on a direct smear, was noted on the rabbit's thigh. The serological data are recorded in Table IV . Comment This animal (owl monkey 153) has shown no serological evidence of syphilis during 84 months' observation after direct inoculation of virulent T. pallidum into the subarachnoid space via the cisterna magna. Clinically, however, the animal developed abnormal pupils and perivascular sheathing in the fundi; i.e. it showed clinical signs without serological confirmation of infection. A definite diagnosis of syphilis could not be made in such circumstances, but since passive transfer of this animal's blood to a normal rabbit produced a definite darkfield-positive lesion the diagnosis of syphilis is substantiated in this instance.
(5) Primary Cisternal Syphilis Owl monkey 93 was given 02 ml. T. pallidum suspension by injection into the cisterna magna on January 30, 1964 . Serial examinations for the next 6 weeks gave negative results. On March 10, 1964, the left pupil dilated poorly to mydriatics and by May 14, 1964 , definite anisocoria was observed, the left pupil being larger. Except for persistent anisocoria, all examinations gave normal results for the ensuing 6 months, and on November 25, 1964, the pupils were found to be equal in size. The animal remained clinically normal until 15 months after inoculation (May 6, 1965) when a fresh retinal haemorrhage was seen in the lower temporal quadrant of the left eye (Figs 7 and 8, opposite) .
This spontaneously regressed during the next 2 weeks. 18 months after infection, anisocoria was again observed, the left pupil being the larger (Fig. 9, opposite) haemorrhage, the animal has remained clinically normal up to 24 months after infection. The serological results are tabulated in Table V .
Comment This animal developed both serological and clinical evidence of syphilis. Clinically, abnormal pupils and recurrent retinal haemorrhages occurred.
The development of retinal perivascular sheathing has been an interesting clinical finding in these animals,
Discussion
The findings in five primates (two squirrel monkeys and three owl monkeys) inoculated with virulent T. pallidum into the cornea, vitreous, carotid artery, and cisterna magna (2) have been reviewed. Three of these represent the first reported examples of primary corneal sero-negative syphilis, primary vitreal syphilis, and primary common carotid syphilis in the primate. That these monkeys were infected was evidenced by conversion of both the TPI and FTA-ABS tests, which were repeatedly positive. The animal infected via the cornea was noteworthy because no clinical evidence of infection could be observed and the animal remained seronegative to the reagin test during 18 months' observation. Similarly, the animal infected via the vitreous has remained clinically normal, but by the results of all three serological tests it has in fact been infected. The animal infected via the carotid exhibited both clinical and serological evidence of infection. The first of the two animals inoculated via the cisterna magna (0-153) showed clinical signs of disease but with no serological confirmation whatsoever. The diagnosis was corroborated in this monkey, however, by passive transfer.
The second such animal (0-93) exhibited both serological and clinical evidence of infection.
These findings corroborate the previous important experiments of Turner and Hollander (1957) and also extend them because of availability of the TPI and the FTA-ABS tests. In the course of performing experiments to find an immunizing agent against syphilis, these authors obtained results which are of great interest and are strikingly similar to our own. They utilized two different primate species for their study-the Macacus rhesus and Cerpithecus aetheopsis saaesis (African green) monkeys. Ten animals (six rhesus and four African green) were inoculated with T. pallidum given intracutaneously in the thigh and also by scarification on the eybrow and in the preputial sac. In contrast to our findings, all but two of the African green monkeys developed transient darkfieldpositive skin lesions within about 2 weeks. By the end of 3 months nearly all these lesions had disappeared. Serologically, about half of their animals became reactive to the Eagle flocculation test and half remained negative. Their findings are of such interest that their Tables VII and VIII are here  reproduced as Tables VI (below) and VII (opposite). Turner and Hollander (1957) performed cerebrospinal fluid examinations by cisternal puncture on their monkeys before inoculation and at various intervals after infection. They found that the cell count, Pandy reaction, and Wassermann reaction were essentially negative in all instances. Three of their animals died between the fifth and eighth months after inoculation, and the remaining seven were killed at 14 to 17 months after infection. Post mortem examination revealed no gross changes suggestive of syphilitic infection. At autopsy, suspensions of plasma, liver, and lymph nodes were removed and inoculated into the testes of two normal rabbits. In addition, emulsions of other tissues (heart muscle, cerebral cortex, spinal cord, etc.) were inoculated into rabbits. Their findings were summarized in their Table VIII. These findings are very important and bear close scrutiny. Note that the blood from three monkeys, a suspension of liver from four of them, lymph nodes from five of them, and a brain and spinal cord emulsion from one, produced darkfield-positive lesions after inoculation into normal rabbits. Thus, passive transfer of these tissues yielded recovery of treponemes with darkfield-positive lesions from each of eight of the ten originally infected monkeys. It should be noted that their monkeys numbers 24, 27, 28, and 29 showed essentially sero-negative reactions throughout the entire course of the experimental period, and that two of these (28, 29) showed no lesions whatever at the inoculation sites, and yet that treponemes were recovered by animal inoculation repeatedly in their monkeys 24, 28, and (Yobs, Brown, and Hunter, 1964; Wells and Smith, in press ). This will be the subject of another report.
Summary
The experimental and serological findings in two squirrel monkeys and three owl monkeys inoculated with virulent Treponema pallidum in the cornea, vitreous, carotid artery, and cisterna magna are presented. These are the first reported examples of primary corneal sero-negative syphilis, primary vitreal syphilis, and primary common carotid syphilis in the primate. Further laboratory confirmation of the clinical problem of sero-negative ocular and neurosyphilis is provided. These findings have now been documented experimentally in four different primate species. 
